Vacuum ultraviolet spectroscopic properties of rare earth ( RE = Ce , Tb , Eu , Tm , Sm ) -doped hexagonal K Ca Gd ( P O 4 ) 2 phosphate
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whereas color rendering index ͑CRI͒ of white light made by the complementary blue and yellow emission is deficient due to the lack of red light contribution. Hence, several red phosphors were developed to add into the above-mentioned system in order to improve CRI. [2] [3] [4] [5] [6] Unfortunately, the extreme difference in degradation between different host phosphors will produce color aberration. Accordingly, it is important to investigate a single-host phosphor with green-to-red emission bands for blue LEDs. A phosphor could emit a couple of radiation by codoping activators with f-d or d-d electron configurations, 7 such as Eu 2+ /Mn 2+ , [8] [9] [10] [11] Ce 3+ /Mn 2+ , 12, 13 and Ce 3+ /Eu 2+ ; [13] [14] [15] [16] the energy transfer ͑ET͒ would occur between activator/coactivator couples by effective resonant type via a multipolar interaction and the ET to Mn 2+ can be of exchange interaction. [8] [9] [10] [11] [12] [13] [14] [15] [16] Nevertheless, in the past few years, coactivated single-host phosphors with blue absorption or for blue LEDs were rarely investigated. In this work, we have explored and discovered a single-host phosphor, Ce 3+ /Eu 2+ codoped Ba 2 ZnS 3 , which shows ultraviolet-toblue absorption and green-to-red emission, exhibiting great potential application in white LEDs while a blue chip is coupled. The absorption spectrum of Ba 2 ZnS 3 host reveals a direct band gap of about 3.3 eV, as shown in Fig. 1 ; the photoluminescence ͑PL͒ spectrum of that shows an emission band centered at 623 nm. As presented in Fig. 2 where I S0 and I S are the luminescence intensity of Ce 3+ in the absence and presence of Eu 2+ , respectively. As Eu 2+ content increases, the T is found to increase and finally saturate.
Based on Dexter's ET formula of multipolar interaction and Reisfeld's approximation, the following relation can be obtained:
where C is the content of Eu 2+ and ␣ = 6 and 8 corresponding to electric dipole-dipole and dipole-quadrupole interactions, respectively. The plots represented in Figs. 6͑a͒ and 6͑b͒ both exhibit linear relationships; moreover, electric dipoledipole interaction usually accompanies electric dipolequadrupole interaction because the Coulombic effect of the former is larger than that of the latter. Therefore, the electric dipole-dipole interaction is dominant in the ET mechanism from Ce 3+ to Eu 2+ in BZS:Ce,Eu, which is similar to that observed in several references. [13] [14] [15] [16] For electric dipole-dipole mechanism, the critical distance ͑R c ͒ of ET Because a commercial blue chip providing 420 nm was unavailable, the samples for blue LED application were simulated by measuring with a Xe light source with the same excitation wavelength. The Commission International de I'Eclairage ͑CIE͒ chromaticity coordinates for BZS:Ce,Eu excited at 420 nm were also measured, and the results are shown in Fig. 7 . The CIE chromaticity coordinates of Ce 3+ -and Eu 2+ -activated Ba 2 ZnS 3 are ͑0.34, 0.49͒ and ͑0.64, 0.33͒, respectively, corresponding to hues of green-yellow and red. Furthermore, with increasing Eu 2+ content, we have observed that the hues of BZS:Ce,Eu locate in the yellow to orange range. As a consequence, the tunable emission of BZS:Ce,Eu coupled with blue LEDs could generate various white lights, which are more numerous than single-emitting YAG:Ce coupled with ones. In addition, the CRI of white light generated by BZS:Ce,Eu would be higher than that produced by YAG:Ce because the former contains the red light component. Indeed, BZS:Ce,Eu has the promising application for white LEDs.
In , n %Eu 2+ exited at 420 nm. ͑1͒ m = 0.1, n =0; ͑2͒ m = 0.1, n = 0.2; ͑3͒ m = 0.1, n = 0.4; ͑4͒ m = 0.1, n = 0.6; and ͑5͒ m =0, n = 0.8.
